Background: Evidence for recommended interventions to reduce population salt intake come from high-income countries, but it is unknown if these can be successfully replicated in low-and middle-income countries. This process evaluation investigated the reach, dose/adoption, fidelity, cost, and context of a national salt reduction program of interventions in Samoa. Methods: Monitoring and Action on Salt in Samoa (MASIMA) was a pre-and post-intervention study of a governmentled strategy to lower population salt intake comprising awareness campaigns, community mobilization and policy and environmental changes. Data relating to the five process evaluation dimensions were collected from routinely collected data, a post-intervention survey and stakeholder interviews. Chi-squared tests assessed differences in quantitative survey responses among groups. Thematic analysis of qualitative interview responses was undertaken and triangulated with the quantitative data. Results: Awareness campaigns, school nutrition standards, and community mobilization interventions were implemented with moderate reach and fidelity. Higher than expected costs of campaigns and limited opportunity (one-off) to mobilize community leaders to disseminate salt reduction messages were key implementation challenges, which meant intervention dose was low. Environmental-level initiatives including engagement with the food industry to voluntary reduce salt in foods and the introduction of salt-related regulations were more challenging to implement within 18-months, particularly given the delay in the passing of the Food Act which provides for enforcement of regulations. Contextual factors that hindered the interventions' mechanism of effect include the food culture, higher cost, and lower availability of healthy low-salt foods relative to unhealthy foods and salty taste preference.
Background
Excess salt consumption is strongly associated with raised blood pressure, a major risk factor for cardiovascular disease [1, 2] . In 2010, nearly one of every five premature cardiovascular-related deaths worldwide were attributed to salt intake above the recommended levels and most of these deaths occurred in low-and middle-income countries (LMICs) [3] . Evidence from a meta-analysis of 34 randomized trials demonstrated that reduced salt intake led to a decrease in blood pressure in hypertensive and normotensive individuals [1] . Furthermore, a recent global modeling analysis found that a government-supported strategy that reduced salt intake by 10% was considered cost-effective across 182 of 183 countries, with the best cost-effectiveness ratio estimated for lower-middle income countries [4] . Despite this, there is limited evidence of successful population programs to reduce salt intake in LMICs and most of the successful national programs are in high-income countries [5] [6] [7] [8] . Therefore, most salt reduction initiative frameworks or guidance [9, 10] have been developed based on successful programs in high-income countries such as the UK [11] , Finland [12] , and USA [13] , but it is unknown whether these types of initiatives can be successfully replicated in LMICs. Common interventions included in most successful strategies are government engagement with food industry to lower salt content of processed foods, public awareness campaigns, and healthy food procurement policies in public institutions (e.g., schools and hospitals) [5, 8, 10, 11] .
In 2013, Monitoring and Action on Salt in Samoa (MASIMA) was initiated as part of a National Health and Medical Research Council (NHMRC), Global Alliance for Chronic Diseases Hypertension project to examine the effectiveness of salt reduction initiatives in the Pacific Islands [14] . Pacific Island Countries (PICs) comprise a group of 22 small island countries and territories which face high and rising burden from diet-related diseases; poor diet is a major risk factor for non-communicable diseases (NCDs) which account for 65-85% of deaths [15, 16] . Samoa has a population of about 196,000 and is made up of two main islands, Upolu and Savaii, with the capital city Apia located on Upolu. The MASIMA project implemented an 18-month, multi-faceted national salt reduction strategy and measured the effect through change in 24 h urinary salt excretion and salt-related knowledge, attitudes, and behavior (KAB) before and after the intervention. The outcome evaluation found that while there were significant improvements in knowledge and self-reported behavior (intermediate outcomes), there were no changes in mean salt intake (7.3 g/d in 2013 vs 7.5 g/d in 2015; p = 0.588) [17] . These mixed findings highlight the importance of a process evaluation to aid interpretation of the results and improve future implementation of interventions.
Given the complexity of most public health interventions and the need to understand their impact in real-world settings, there is increasing recognition of the importance of evaluating interventions beyond their efficacy [18] . An understanding of the process alongside intervention efficacy, captures essential information about why an intervention did or did not achieve its intended effects within its context and how implementation can be optimized in future interventions [19] . Despite its importance, there are few process evaluations of programs to reduce population salt intake and none have been undertaken in a lower-middle income setting like Samoa or in a national strategy implemented by the government. The purpose of this study was to conduct a process evaluation to investigate the reach, dose/adoption, fidelity, cost, and context of MASIMA-Samoa's national, government-led salt reduction strategy.
Methods

Interventions
Full methodological details of the MASIMA salt reduction outcome evaluation study have been previously published [17] . Based on the baseline salt intake and KAB survey in 2013, the Ministry of Health Government of Samoa (MoH) implemented an 18-month multi-faceted salt reduction strategy from March 2014 to September 2015. Two MoH project officers were recruited to the Strategic Planning Policy and Research Division to lead the salt reduction intervention and evaluation with support from other divisions in MoH, other Government Ministries, the World Health Organization (WHO), and The George Institute for Global Health.
The MASIMA salt reduction strategy consisted of three strategic objectives that aligned with the three levels of factors that influence food choices as outlined by Story et al.'s ecological framework: individual, social environment, and physical or macro-level environment [20] . The selection of interventions was based on evidence of previously successful interventions that formed the WHO's three main pillars of salt reduction (product reformulation, consumers, and the environment) [9] , and adapted to the sources of sodium in Samoa and findings from focus groups with government, non-governmental organizations, civil societies, restaurants, caterers, food manufacturers, and importers [21] . A logic model (Fig. 1) outlines the causal pathways about how each of the interventions works and interacts to produce the intended intermediate and long-term outcomes. To influence the public's salt reduction behaviors, the first strategic objective aimed to achieve widespread awareness about the adverse health effects of eating too much salt and to encourage salt reduction through mass media. This provided individuals with the understanding and motivation to change their salt consumption behaviors as this was low, according to the baseline KAB survey. The second objective was to engage and empower influential community leaders (village mayors, church leaders, educators) in providing credible support and advice for salt reduction. This aimed to influence the social environment as interactions with family, friends, and community leaders impact food choices through role modeling, social support, and social norms. The third objective aimed to create policies and food environments that support low salt consumption through three key activities: (a) incorporation of salt-related standards into the Food Act (now known as the Food Safety and Quality Regulations 2017 in accordance with the 2015 Food Act); (b) integration of salt guidelines into the mandatory school nutrition standards; and (c) engagement with the food industry (manufacturers, restaurants, caterers) to support salt reduction through voluntary commitments to produce or import lower-salt foods. Together, these aimed to influence the physical and macro-level environmental factors through increasing the availability and ease of eating lower salt foods and meals.
Theoretical framework for process evaluation
The UK MRC guidance on process evaluation of complex interventions was followed [18] . This involves understanding the implementation of interventions, context in which they were delivered, and the mechanisms of impact. In conjunction, Steckler and Linnan's framework was used to comprehensively examine the level of implementation in terms of reach, dose, and fidelity (Table 1) [22] . Due to the multilevel nature of some interventions, an organizational level indicator, adoption, was also included from the RE-AIM framework [19] . The cost of interventions was also documented to indicate the level of implementation and transferability of interventions, particularly to other LMICs with limiting funding [23] . Table 1 describes the process evaluation dimensions.
Data collection
A mixed methods approach was utilized comprising three main sources: data routinely collected during the intervention, national post-intervention survey responses, and semi-structured interview responses (Fig. 2) . Routinely collected data from activity logs, meeting minutes, and annual reports provided detailed information on the intervention activities, personnel involved, duration, frequency, resources used, and cost. Intervention cost data were collated by Deakin University based on project records of resources used. A government perspective was adopted meaning that all costs expended by any government ministry in the delivery of the interventions were included. This perspective was chosen because the multi-faceted intervention not only involved the MoH but also other government ministries such as Ministry of Education, Sport and Culture (MSEC) and Ministry of Women, Community and Social Development (MWCSD). All costs were expressed in Samoan Tala (WST) for the year 2014 (1 Tala in 2014 = 1.04 Tala in 2017 = 0.53 Australian dollar in 2017) [24] .
Process evaluation questions related to the salt reduction campaign were added to the post-intervention survey. Using multi-stage cluster sampling, 780 randomly selected participants aged 18-64 years, in urban (Apia Urban Area) and rural regions (North West Upolu, Rest of Upolu and Savaii) in Samoa were invited to participate in the post-intervention survey. Details about the post-intervention survey methodology have been previously published [17] . The question 'Have you heard about or seen any promotion regarding the Slash the Salt campaign?' was included; if the participant answered 'yes, ' they were asked 'how. ' A project investigator (JW) undertook 25 semi-structured interviews in April 2016, as she had good knowledge of the project action plan but was not involved in the implementation of interventions, and she was the most culturally appropriate person to investigate the contextual influences until data saturation was reached. The interview questionnaires were designed to obtain an insight into intervention fidelity and how context may have affected implementation and outcomes. Semi-structured interviews were held with eight MoH staff who had varying levels of involvement with the project, seven members from related health or government organizations, six community leaders, and four food industry representatives ( Table 2 ). Interview participants were purposely chosen to obtain views from a wide range of stakeholders, with varying levels of involvement in the intervention and representing different types of national organizations and community groups. Interview participants provided written consent for participating and having the interviews recorded.
Data analysis
Routinely collected data on the intervention details and costs were compiled and organized in an Excel database by the five interventions components: awareness campaigns, community engagement and mobilization, and the three 
Reach
The proportion of the target audience that encounters or participates in the intervention and its representativeness [19, 22] 
Dose
The quantity of the intervention that participants received (dose received) or the quantity of the intervention delivered (dose delivered) [18, 22] Adoption the number of settings or institutions that adopt a program or policy [19] Fidelity
The quality of what is delivered and the extent to which the intervention is delivered as planned [18, 22] Context The contextual factors (facilitators or barriers) that influence implementation and the mechanisms of impact or outcome [18] Cost The cost of the interventions from a government perspective policy and environment activities (salt-related regulations in the Food Act, salt guidelines in school nutrition standards, and food industry engagement). Data from all participants who completed the questionnaire post-intervention and had no missing information were included. Chi-squared tests were conducted to assess differences in reach and dose between different demographic and clinical groups (age, gender, locality, education, employment, and hypertension diagnosis). Statistical analyses were conducted using STATA IC version 13.0 (StataCorp LP, College Station, Texas, USA).
Semi-structured interview responses were transcribed and coded by an independent student not involved in the study (PG) using NVivo (version 10; QSR International, Doncaster, VIC, Australia). The lead author (KT) also separately coded the interview responses in NVivo, and any differences were resolved through discussion. A thematic analysis of the interview responses was undertaken based on the key process evaluation dimensions of each of the five strategy components. Quantitative and qualitative data were triangulated where relevant [25] . For example, when the high cost of campaigns was identified as an 
Results
For each dimension, where available, we present the quantitative findings for each of the three main intervention components (public awareness campaign, community engagement and mobilization, and policy and environmental changes) and qualitative findings which provides context and support for the quantitative results (Tables 3  and 4 ). The interview responses have been summarized in the results and specific quotations can be found in Table 5 , Additional files 1 and 2.
Reach
Of 780 participants randomly selected for the postintervention survey, 134 did not consent, 3 had missing demographic data, and 5 did not complete the process evaluation questions, leaving 638 participants eligible for analysis (82% response rate). Overall, 75% of the Samoan adult population reported that they had heard or seen the 'Slash the Salt' intervention. The reach ranged from 64% in the most rural region (Savaii) to 84% in urban region Apia. The leading source of exposure was television (66%) followed by radio (30%), posters/leaflets (17%), community events (11%), and billboards (5%) ( Table 4) . Urban residents were significantly more likely to recall hearing or seeing the intervention compared to rural residents (84% vs 73%, p = 0.01). Respondents with higher education were more likely to recall exposure to the intervention (79% in high school completers or above vs 69% in those who completed primary school or less, p < 0.01). There were no associations between age, sex, employment, or reported hypertension and exposure to the intervention (p > 0.13 for each). Approximately 590 community leaders were educated and mobilized to promote messages about salt reduction at four separate events. This consisted of 191 "Sui Tama'itai" (village women representatives or mayors that each represent 1 village out of 330 villages in Samoa), 144 faith-based or youth leaders, 205 teachers, and 50 mothers. Seventy-four percent (77 of 104) of village women representatives in Savaii (rural island) and 50% (114 of 226) of village women representatives in Upolu Island attended the salt awareness talk organized by the MWSCD. As part of the environmental initiative to incorporate salt guidelines into the mandatory school nutrition standards, MoH nutritionists visited 25% (52 of 209) of all schools nationwide to raise awareness about the types of salty foods that should not be sold and the importance of eating low-salt foods to school canteen operators, teachers, and parents. The reach of the salt standards were not measured, as the regulations were not passed during the intervention period.
Dose or adoption
Overall, the dose delivered or received by the target audience or adoption of interventions by organizations was low. Based on the post-intervention survey, the mean and median number of sources of the salt reduction intervention recalled by participants were 1.36 and 1 respectively. Some 37% of respondents identified hearing or seeing one source of exposure, 21% identified two sources, and 11% identified three sources of exposure. The mean number of sources of exposure identified was significantly different among respondents of different education levels (1.47 in high school completers or above vs 1.19 in non-high school completers, p < 0.01) and employment status (1.51 in employed vs 1.26 in unemployed or not economically active participants, p < 0.01). There was no difference in mean exposure among different groups of age, sex, locality or history of hypertension (p > 0.09 for each) (Table 4) . Similarly, the dose of the community mobilization interventions was low as all awareness talks were delivered once and each ranged from about 15 to 30 min.
Approximately 40% of 166 government schools adopted and complied with the nutrition standards (which included salt standards) in the 2014-15 financial year. As part of efforts to engage the food industry to promote a Fidelity was determined by comparing the planned activities outlined in the strategic action plan with delivered activities reported in annual reports, meeting minutes, and the costing documentation. This comparison showed that all public awareness activities and activities to incorporate salt guidelines into the nutrition standards in schools were implemented as planned. The fidelity of community mobilization activities was moderate, with some tasks not implemented as extensively as planned. For example, salt reduction messages were integrated into one existing community health outreach program as opposed to all, as planned. Similarly, the fidelity of interventions to engage food industry was low, because education and training sessions to food caterers about using less salt was not undertaken. The fidelity of the strategy to incorporate salt-related regulations into the Food Act was also low as mandatory labelling of the salt content and salt standards for packaged foods were not introduced as planned.
Contextual factors affecting implementation
Contextual factors (barriers and facilitators) of implementation of the intervention were collated from the 25 semi-structured interview responses (Additional file 1). Five respondents expressed that a barrier to the implementation of the overall intervention was a lack of staff undertaking a large project. For most of the 18-month intervention time, there were two officers working solely on the salt reduction project. More specifically, the only barrier to implementation of the awareness campaigns identified by six respondents was the higher than expected costs, which limited the dose or amount of campaign materials that could be produced. Similarly, a barrier of implementation for the community mobilization intervention identified by one respondent was that the education sessions to empower the community leaders were only one-off sessions. In contrast, nine respondents identified that a facilitator of implementation was being able to utilize an established mechanism organized by the MWCSD, where village women representatives had a role to liaise with government agencies and relay the messages back to their village. Some added that mobilizing the village women representatives in particular was advantageous as women were often responsible for the cooking in Samoa, they are often influential people and considered role models. Lastly, the main barrier of implementation of the policy and environmental interventions was the delay in the passing of the overarching 2015 Food Act, which sets provisions for food regulations and enforcement mechanisms. Three interviewees explained that the Food Act was not passed until June 2015 (3 months prior to the end of the intervention period). This delayed the proposals to incorporate salt-labelling and salt standards for foods into the regulations within the project timeframe. Similarly, the delay in the Food Act may also explain why the intervention to engage food industry in voluntary salt reduction was not delivered as extensively as planned. Three interview respondents said that it was important to wait for the Food Act to be passed before asking food manufacturers (particularly local companies) and restaurants to voluntarily commit to lowering the salt content of their foods. The reasons for this were that the Food Act was needed to "…they spoke to the women committee members, and that's how they got the discussion back to the village. …In Samoa it's very appropriate to do it like that. You cannot do it otherwise. …the women committee members they are always the ones that, for instance, the president is the wife of the high chief of the mayor, the secretary of the committee is the wife of the church minister."
Ministry of Health representative
"For the Food Act, we were hoping for that to back us up so that we can integrate the salt targets… I think it's just unfortunate now the project is towards its end and now we have the Food Act. …As I have said, we have been waiting for this Food Act because we are also looking at labelling, an area we really need to push."
Contextual factors affecting the outcome of awareness campaigns 
"… the salt progress report was presented and in this committee it's all of the prime minister, cabinet, all ministries, their CEO and their management. …And the minister of finance said 'you need to submit a paper and need to raise the taxes on salt', which was a really good indication coming from the minister of finance"
substantiate the MoH's request for food manufacturers to lower the salt content of foods and so that the requirements would be applied equally to all food manufacturers, including global manufacturers, not only the local food companies that were more easily contactable.
Contextual factors affecting the outcome or mechanism of effect
The semi-structured interview responses also revealed several contextual factors that potentially influenced the interventions' effects and were categorized by each of the three intervention target groups: the general public, community leaders, and food industry organizations (Additional file 2).
Contextual factors affecting the outcome of awareness campaigns
The effects of the public awareness campaigns were hindered by Samoa's food culture and taste preferences, the cost and availability of healthy/lower-salt food compared with unhealthy foods and limited nutrition knowledge. Thirteen respondents explained that Samoans believe that food without salt is tasteless; it is part of their cultural food practices to add salt during the preparation of foods and at the table and to feast on as much tasty/ salty food as desired because they prefer to live for today ( Table 5 ). The second common barrier identified by nine respondents was that most people choose unhealthy food because healthy foods are perceived as more expensive, less convenient and unavailable, even if they know salt is bad for their health. Lastly, 11 respondents indicated that health literacy and nutrition knowledge in Samoa were low. The implications of this varied, with some respondents suggesting people still do not have the knowledge about how to reduce salt intake or to identify foods high in salt, whilst others suggested this meant awareness messages needed to be simple to be understood. This can provide context for the subgroup findings showing people with lower education were less likely to recall the salt reduction messages, because they are unlikely to recall hearing the message if they did not understand it. In contrast, 10 respondents identified a contextual facilitator that may have strengthened the intervention effects is the growing trend towards healthier behaviors, suggesting that the project was implemented at an opportune time.
Contextual factors affecting the outcome of community mobilization
The pathways to impact population salt intake through mobilizing community leaders to provide credible support for the salt reduction messages were potentially influenced by two barriers recognized by two interviewees. One stated that the village women representatives could only relay the salt reduction information that they had been provided in the one-off session, so it limited their scope to explain the issue or answer questions. The other suggested that communities had been bombarded with messages from their village women representatives for years, so something different was needed to get the salt reduction message across. In contrast, four respondents suggested that a parallel project called PEN FA' A SAMOA (based on WHO's Package of Essential Non-communicable disease interventions in primary health care) strengthened the salt reduction message. Four of seven villages selected salt reduction as their PEN FA' A SAMOA project topic, having heard about it through the village women representatives, which meant the salt reduction message was continued.
Contextual factors affecting the outcome of policy and environmental interventions
The pathways of impact of the policy and environmental initiatives were also negatively affected by contextual factors. Three out of four food industry representatives expressed that despite the government's efforts to encourage them to voluntarily produce or sell lower salt foods, their concern was that Samoans do not prefer lower salt foods, so they are less likely to sell and are less profitable for their business (Table 5) . One added that mandatory, rather than voluntary, salt content standards for foods were preferred, so that there was an even playing field among food companies (including global companies). Three non-food industry respondents also thought that saltier foods increased sales and industry are mostly concerned with their profits, so they are unlikely to voluntarily lower salt content in foods. Another barrier advised by one industry respondent was that salt is used as an inexpensive preservative in Samoa where the climate is hot and refrigeration is uncommon. Lastly, three respondents identified that the effect of mandatory school nutrition (including salt) standards was likely to be reduced by the presence of street vendors selling non-compliant, unhealthy foods outside schools. One potential facilitator of the adoption of nutrition standards and promotion of salt reduction messages in schools was the overall positive attitude towards the need to improve children's nutrition and nutrition knowledge, as expressed by six respondents. Four respondents identified an unexpected result of the salt project and proposals to the Cabinet Committee for salt-related regulations, was that it contributed to the political readiness for mandatory action as demonstrated when the Minister of Finance proposed that a tax on high salt foods should be considered.
Intervention costs
Based on the routinely collected cost data, the total salt reduction strategy costed WST 271,711 over 18 months (Table 6 ). Personnel costs for two research officers' time across the project made up 39% of the total project costs.
The public awareness campaigns were the most expensive intervention costing WST 94,665 or 35% of the total cost. This supports interviewee responses which identified campaign costs as a barrier to implementation. This is followed by the community mobilization intervention (21% of costs) and of this, the most expensive activity were the awareness talks with village women representatives as they were provided with monthly allowances and travel costs and catering. The three policy and environmental initiatives made up 5% of costs and mainly consisted of the food inspectors' time engaging food outlets to remove salt shakers from tables, the provision of campaign material to support salt reduction and MoH nutritionists' time in encouraging the adoption of the new salt standards in schools. Given that 75% of the adult population (18-64 years) heard or saw the salt reduction message, this meant the overall intervention costed WST 3.7 per adult reached.
Discussion
The MASIMA study process evaluation provides detailed information on intervention implementation and context to better understand why improved intermediate outcomes (salt knowledge and self-reported salt-lowering behaviors) were achieved, but there was no change in mean population salt intake in Samoa. This understanding elucidates recommendations for future strategies needed in Samoa and other similar LMICs, to achieve reduced salt consumption. Overall, the reach of the salt reduction strategy was high, fidelity was moderate, costs were low, and the intervention dose or adoption was low (Table 3) . The public awareness campaigns were implemented with the highest reach, dose, and fidelity, followed by the school nutrition standards and the community mobilization intervention. In contrast, the food industry engagement intervention and the salt regulations were largely not implemented as planned during the intervention period, partly due to an unforeseen delay in the passing of the 2015 Food Act. From the perspective of Story et al.'s ecological framework of the multi-level influences on eating behavior [20] , this meant the salt reduction interventions that were moderately implemented only targeted factors at the individual and the social environment level, whereas the physical or macro-level environmental factors were not addressed. Lastly, there were several contextual factors affecting implementation and outcomes, suggesting the replication of some successful interventions in high-income countries into lower middle countries like Samoa proved challenging.
The public awareness campaigns and community mobilization interventions, which were implemented with greater reach and fidelity, are likely to have contributed to the improved intermediate outcomes; a 9% increase in the population being aware of the adverse health effects of salt, 16% reduction in the population 'always or often' adding salt during eating, and 21% increase in self-reported behaviors to lower salt intake [17] . The awareness campaigns achieved widespread reach of 75% as recommended by the Centre for Disease Control for effective mass media communication [26] and equal reach among different age, gender, and employment groups (Table 4) . Although costly (also found in other studies [4, 11, 27, 28] ), the awareness campaigns were more feasible to implement from a government perspective. This is consistent with a global review, which found 71 of 75 countries have implemented an education or awareness campaign as part of their national salt reduction strategy [5] . Although increased levels of motivation and awareness about the adverse health effects of excess salt intake were achieved, this alone is unlikely to alter usual salt intake [29] . Interviews revealed that the general population still lacked knowledge about how to lower salt intake and identify foods that are high in salt content, which may explain post-intervention findings of no changes in consumers 'always or often' adding salt during cooking or avoiding intake of processed foods [17] . The next phase of the campaigns and behavior-change communications should focus on improving people's capability to lower salt intake [30] . The UK's successful salt reduction campaign consisted of four phases, transitioning from raising awareness about salt to highlighting foods with hidden salt and providing practical solutions for lowering salt intake [11] . The use of multiple channels of mass media should be continued however additional efforts are needed to ensure the message can be understood by people of lower education levels and delivered to people in rural areas, given there was significantly less reach in these groups. Future interventions should focus on increasing the dose delivered. Many interviewees regarded the mobilization of village women representatives as a good opportunity to reach rural villages but the downfall was related to the low dose. Future strategies should continue to educate these community leaders through ongoing sessions and in creative ways, such as cooking demonstrations using alternatives to salt and shop visits to teach community members how to interpret the salt content on packaged food labels [29, 31] . Where possible, initiatives should also link with other existing government initiatives (e.g., PEN FA' A SAMOA) to re-inforce the message.
Despite efforts to educate consumers about the importance of salt reduction for better health, there were several contextual influences of food choice that superseded health motivations. These included the taste preference for salty flavor, food culture, price, and availability. Other studies in Samoa and other PICs also identified that the strong cultural importance of feasting and people's perception that salty food is tasty were barriers of healthy food consumption [32] [33] [34] [35] . Although food prices are a determinant of food choices globally [36] , in lower income countries like Samoa, cheap unhealthy foods were the only food options that some could afford [33] . Therefore, future behavior-change approaches to lower salt intake in Samoa must address these factors by educating consumers about using inexpensive and widely available alternatives to replace the taste of salt such as herbs, spices, and lemon juice during cooking or eating.
Processed foods and meals that already contain salt added by manufacturers or caterers are also a major source of salt in the Samoan diet. Therefore, policies and environmental-level interventions are crucial. The MASIMA initiatives to engage food manufacturers to voluntarily produce or import lower salt foods and introduce mandatory salt labelling and salt-content standards for foods were more challenging to implement in a limited time and faced more contextual barriers. Although the school nutrition standards were moderately implemented with about a 40% compliance rate in government schools, this change alone was unlikely to influence adults' salt intake (the target population). Without environmental changes, even with improved individual awareness, it is difficult for individuals to sustain lower salt food consumption as healthy (low salt) foods are perceived to be more costly, less available, less flavorsome, and inconvenient to prepare compared to unhealthy foods [37] . This is a likely explanation for why there were no changes in mean salt intake in Samoa after 18 months of interventions, despite improvements in knowledge and self-reported behaviors. This is consistent with a review of solely behavior-change interventions, which found 18 of 19 studies showed significant improvements in self-reported behaviors related to salt, but only two of six demonstrated significant reductions in 24 h urinary salt excretion [29] . This emphasizes the importance of continued long-term efforts to implement policies and environmental interventions that enable the population to more easily consume lower salt, through making lower-salt processed food and meal options more affordable, widely available, and flavorsome.
Legislative policies to support lower salt intake in Samoa are more feasible now, as the MASIMA salt project has increased political readiness, and the 2015 Food Act has been passed [38] . Furthermore, since health is not a strong focus or determinant of food choice in Samoa, different incentives or regulation are needed. As food prices are a strong determinant of food choice, fiscal policies such as the taxation of salty foods in combination with subsidies for healthy foods (e.g., fruit and vegetables) would likely be effective in improving food choices [27, 39] . It is also likely to be feasible given the Minister of Finance in Samoa himself suggested taxation, and three countries currently have taxation of salty foods globally [5] .
In Samoa's context, government engagement with food manufacturers to voluntarily lower salt content in foods proved to be less feasible, despite success in several high-income countries [40] . Food industries were reluctant to voluntarily decrease salt in their products because they share the perception that food with less salt is less tasty, and therefore less likely to sell. The success of the voluntary approach also relies on the notion that all food companies pull their weight in the salt reduction efforts; however, in Samoa, local food manufacturers felt that their global competitors were not engaged to do their part [41] . Local food companies indicated preference for mandatory policies as they felt they were disadvantaged under the voluntary system, as they would be targeted by the government over global food manufacturers, which are harder to reach and engage. The parallel project in Fiji, where interventions were implemented by researchers, identified similar challenges. Food manufacturers suggested salt reduction would not be a priority for them unless it was mandatory [28] . Mandatory salt reduction policies that create an even playing field for local and international food manufacturers are likely to be more effective and feasible than voluntary engagement in countries similar to Samoa and Fiji [38] .
Documentation of intervention costs is useful for understanding the level of implementation and the potential for replication particularly in lower income countries. Limited studies that have collected costs during real-world implementation of salt reduction interventions [28] . Most studies previously estimated costs through expert opinion or the application of standard costs of interventions, for example, using the WHO NCD Costing Tool [42] . Overall, the total cost of the 18-month national salt reduction program from a governmental perspective was relatively low (WST 271,711) [43] .
Strengths and limitations
There were some limitations of the study that should be considered. To ensure a balance between comprehensive data collection and participant burden, the post-intervention survey only asked about the community-facing intervention components and the best available measure of dose was the number of different sources of exposure. However, this is not the perfect measure and it is not expected that participants would be exposed to all the sources as some are aimed at specific segments of the audience. Additionally, because independent samples were used pre-and post-intervention, it was not possible to examine whether improvements in KAB or reduced salt intake were caused by different intervention exposures or dose received. The potential impact of having a project investigator undertake the interviews should also be acknowledged; however, it was agreed among the project team that she was the most culturally appropriate person to probe about how the context affected implementation and the mechanisms of impact, compared to a foreign interviewer. In addition, few food industry and community representatives participated in the interviews, and we were not able to interview to saturation, meaning other themes might be missed.
There were several strengths about this pragmatic national study of salt reduction interventions. It provides rare information about the challenges and facilitators of translating evidence-based research into real-world practice and policies from several perspectives including the government's perspective as the program implementers. In contrast to the parallel project in Fiji, which was implemented by a research organization, this process evaluation helps understand the constraints and leverages that apply to governments-the main implementers of population salt reduction interventions [28] . Several sources of data and mixed methods were used so that information could be cross-checked for validity. The qualitative data were in broad agreement and provided rich context for the quantitative findings, which enhanced confidence in the findings.
Conclusions
Given the complexity of population health programs, the process evaluation has been vital in holistically interpreting the study outcomes by accounting for the level of implementation and the context. MASIMA (in parallel with the partner project in Fiji [28] ) was the first population-level study to include a process evaluation assessing the reach, dose, fidelity, cost, and context of a national, governmentled salt reduction intervention in a lower-middle income setting. Based on these findings, we have formulated recommendations for future salt reduction interventions in Samoa and similar settings.
Future implementation of government-led salt reduction strategies in LMICs should comprise of individual and environmental-level interventions that account for contextual influences on food choices (e.g., price, availability, taste, convenience). Where possible, strategies should leverage or link to existing programs to increase feasibility and minimize cost. Easy-to-understand campaigns and behavior-change communication should initially educate consumers on the adverse health effects of salt consumption to improve motivation. More in-depth education (higher dose) should then transition to focus on providing practical advice and improving consumers' capability to lower salt intake. In conjunction, policies or strategies that create environments that make lower salt consumption easier are needed. Although several high-income countries have successfully reduced salt intake through engaging food industry to voluntarily lower salt in foods, this may be challenging in LMICs with circumstances like Samoa. Legislative policies [5] should be considered in these settings as they create an even playing field for all food manufacturers and are theoretically more effective as it applies to all manufacturers as opposed to only those that have voluntarily committed [27] . More process evaluations of successful interventions are also needed to understand exactly how the interventions functioned within the context to achieve lower salt intake.
Population salt reduction is crucial for curbing the increasing prevalence of raised blood pressure in LMICs, [44] yet there is limited research on strategy implementation processes, costs, and effectiveness in these contexts. This study demonstrates that behavioral and community-based
